Continuous 24-hr urine collections were made by 17 subjects during a trek to 5400 m. Fluid intake was recorded by diary. Weight and fat folds were measured daily. The results were compared with daily measurements of packed cell volume (PCV) and reticulocyte count. Early fluid retention was matched by a fall in PCV. There was a diuresis with negative fluid balance towards the end of the ascent and again early in descent. There was a slight trend for fluid retention to occur in those most affected by acute mountain sickness but the effect was not marked.
Introduction
The experience of passing large volumes of urine on arrival at high altitude and during descent is well known to mountaineers (Ward, 1975) . Singh et al. (1969) reported that Indian soldiers who passed copious urine when rapidly transferred to altitudes of 3350-5500 m did not develop acute mountain sickness (AMS) whereas those who were oliguric became ill. Other studies where subjects were transferred acutely to altitudes such as Pike's Peak in Colorado (Krzywicki et al., 1971 ; Consolazio et al., 1968; Janoski et al., 1969) or in the Swiss Alps (Slater et al., 1969) or exposed to simulated high altitude in hypobaric chambers (Hogan et al., 1973) have not resulted in a significant diuresis.
The present study was designed to monitor a trek to altitude in the Himalayas firstly to see if a diuresis occurred and secondly to relate fluid output to AMS which was anticipated in a number of the party. In addition, weight change, fat-fold thickness, packed cell volume and plasma albumin were documented since these measurements are indirectly related to changes in fluid balance. It was found that all members of the group with one exception had diuresis at altitude but that this was not related to AMS. Changes in the other measurements suggested that fluid may have been retained during the early part of the trek and loss of this retained fluid may have accounted for the diuresis at altitude.
Methods
Each member of the party passed all urine into 2-litre polythene bottles containing 1-2 ml of 1/1000 sodium merthiolate. Twenty-four-hr collection periods began at 5 p.m. each day. An estimate of fluid input was made by recording the volume of all fluids consumed in personal notebooks. No estimation of the water content of food was made nor was water of oxidation calculated. Weight was measured daily (Harvey et al., 1979) . Blood was taken each morning before rising into heparinized syringes. Packed cell volume (PCV) was measured immediately using a microhaematocrit centrifuge. Equal volumes of blood and methylene blue were mixed and after incubation for 30 min a slide was made, air dried and stored for reticulocyte estimations on return to England. Two hundred cells were counted. After centrifugation of the remaining blood the supematant plasma was mixed with sodium merthiolate at an approximate concentration of 1/1000 and stored at ambient temperatures. Plasma albumin was estimated on an automatic analyser by the bromocresol green dye binding technique (Westgard and Poquette, 1972) .
Results
The urine output and estimated fluid input are shown in Fig. 1 . Fluid input was maximal during the first 5 days of the trek which was through tropical vegetation and temperatures. There was a significant rise in urine output with a peak at day 9 at an altitude of 3500 m. At this time the party's fluid input and output were approximately equal but if insensible losses are taken into account, the group as a whole was in negative balance. The maximum urine output of any member was 3400 ml; most members noticed the increase in urine output and with one exception all members had at least one day between days 7-11 where the urine output exceeded the fluid input. This period of negative fluid balance was not associated with a feeling of thirst. Above 4400 m urine output declined but another diuresis was noted during descent. (Fig. 2) . The reticulocyte count never rose above 2fs suggesting that the rise in PCV was related to a fluid shift. The maximum rise in PCV and albumin occurred at the time of maximum diuresis and weight loss.
Five subjects suffered marked AMS (Fletcher, 1979) and 5 were free of virtually all symptoms. When these 2 groups were compared there were no significant differences in the weight or PCV between affected and unaffected individuals (Fig. 3 ). There was a tendency for the unaffected group to be in greater negative fluid balance than the affected group but this did not reach statistical significance.
Discussion
The fall ofPCVur at thtme olbumin during the first 7 days of the trek was totally unexpected. The decline was not associated with a rise in plasma bilirubin or with haemoglobinuria and was presumably related either to a fluid shift from the extra to the intravascular space or an overall retention of fluid. Total body weight declined very iittle during this period whereas fat fold thickness measurements indicated a gradual loss of body fat. In addition 2 members of the party noted oedema of the hands and ankles on day 7 and thus it is possible that there was an overall retention of fluid causing the fall in albumin and PCV and masking the gradual decline of total body fat. At day 9 at an altitude of 3500 m there was a significant diuresis associated with a rapid loss of weight and a rise in PCV and plasma albumin to baseline values. The rise in PCV was not associated with a reticulocytosis. A rise in PCV associated with a fall in plasma volume at altitude has been noted in many studies (Krzywicki et al., 1969; Hannon, Chinn and Shields, 1969; Jung et al., 1971 ). The mechanism is related to loss of extracellular fluid into the cells or into the urine since a rise in PCV due to increased red cell production occurs only after several days' or weeks' stay at altitude . The studies recording a rise in PCV have been from normal to increased values. The change from subnormal to normal values as noted in this study have not been recorded at altitude although a similar fall and rise of PCV have been noted in a low altitude trekking party (E. S. Williams, personal communication). It is possible that the fall in PCV early in a trek protects in some way from severe altitude sickness since it is known that subjects acutely transferred to altitude have more severe symptoms (Hackett, Rennie and Levine, 1969) .
The maximum diuresis occurred at 3500 m and represented approximately twice the fluid output found early in the trek. Currie and Ullman (1961) have shown that a diuresis can be induced by overbreathing and the production of increased negative intra-thoracic pressure. In this study however the maximum urine output did not occur at either maximum height or at periods of maximum effort. The diuresis may be related to the fluid retention early in the trek since in many studies in subjects transferred acutely to altitude there has been little evidence of a significant diuresis (Krzywicki et al., 1971; Consolazio et al., 1968; Janoski et al., 1969; Slater et al., 1969; Hogan et al., 1973) .
If, as Singh et al. (1969) suggest, high altitude pulmonary and cerebral oedema are related to fluid retention, the authors would have expected the PCV to be lower, weight higher and a positive fluid balance in those most effected, especially in the days immediately before the first symptoms occurred (day 11) but this was not the case. They conclude that, although profound fluid shifts occur during a trek to altitude, the development of AMS is largely unrelated to these changes.
